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.IJTI!RODUCTIONANDOBJXCT

Theinvestigation&scr$bed,inthis.remrttEa comP*ieOne) lW!!
with2@-T inexlx@edst~ftiersforstiffene&flatsheetpanels.
Sinceconsiderablebasicinformationisavailablefor24S+ @’Was
selectedas thecriterionforcomparison.-’. ,., .,.

(continuedinteresthasbeenshownby theaircrkft”i dustryin
investigationsofhigh-strengthalmimm”alloystiffpnedpanels
testedinedgecompression.Stiffenedsheetpanel+areqsedvery
frequentl@inaircraftas structtialmemberscarryingaxialloadd. ““
Thetestsandspecimensweresimilar@ thosepreviouslymadeat’
theAltiin~ResearchLaboratories.(Seereference2..) - , I

Thesetestsweremadewithstiffenedfl.atsheetpanelshaving
threehat-shapestiffeners.Twogagesof sheetwereus~d;one”was “ “
25percentthickerther+the,stiffenersandtheotherwas25percent
thinner.Thisprovideddatawhichnotonlycomparedthestrengths“of
thetwoalloysbutalsoshowedthe,effectof sheet”tiiclmessonrela-”
hivestiffenerstrengths.Full-sectioncompressivetes~,sweremadeon ~
shortlengbhsof theqtiffe~rsofboth.SL11OYSto @etermiqethe:-rela-.~
tivestrengthof thesectionswithoutanyeffect,fromsheet. ,

. . . .
., ,.

.’~~~-ls ‘“- . .,::. .-

Thesheetusedwascommercial24-S-Tof0.093-md0.15&inch
thickness.Thestiffenerswerecommercialextrudedshapesofhat-shape
seotionandweremadeby DieNo.K-12454.Thenominaldimensionsand
sectionelementsareshowninfigure1. Theppecimenswere”constructed
sothatthesheetwastestedinthedirectionofrolling.~

: “.
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Thestiffenedsheetspec-lmensweremadeintriplicatewitheach
,

combinationof’sheetthicknessandstiffeneralloy.Thespectiens
usedthreehat-shapestiffenerswitha spacingbetweenrivetrowsof
2.9/~6inch.Therivetspticingforthekpecimensusing0.156-inch
sheetwas1 inch)oraboutseventtmesthesheetthickness,ad forthe
speciznensusing0.093-inchsheet.was3/4inch,orabouteighttiresthe
sheetthickness.Thedetailsof thesespecimensaxeshowninfj.gure2.
TheratioofunsupportedsheetwidthtotMcknemz!(b/t)wee16.4forthe
syecimensusin~0.156-inchgagesheetand27.6forthespecimensusing
0.093-inchgagesheet.Tiieslendernessratiosforbothtype~of specf–
menwereapproximately11. “

Beforetesting,thespe,cimenendsweremachinedflatandparallel.
Thepanelswereclampedfl.atagainstthe.tableo??themtlML@machine
duringthemachiningoperation.After~chining,eachspecimenwas

‘checkedforparallelismof,theendsbymeasuringthelengthata number
ofpointson thecrosssectionwitha dialgagemountedonan outside
micrometercaliper”frame..Thevariatiog..inlengthofthevcmiaueele-
mentswasinno casegreater“them0.0005inch.”“

Mechanicalpropertiesof’boththe6hp0tandthestiffener-material
wereobtainedby thestandardtensile“testandby thesingle-thickmess
compressivetest.TM compressive”propert$mwerealoo.obtainedon
full-sectionpiecesof thestiffenermctx@a18.A Sp~ChHQ lengthof”-&
inches(computedslendernessratioequalto3) wasueedforthefull-
sectionspecimens.,Mechanicalpropertige.~egivenintableI and
comparedwithtypicalandspecifiedminimumprapcrties.It Isappa=
entthattile24s-~materialused,lnmis Investigationhadunusually
hightensileyieldstrength~.

.,

,Ty_picalcompress~vpstress-straincqry?_sob3ain@onthe@ll-
sectionspecimensof I@ stiffenerstieshd~ infigu~ 3. The.compre8-
siveyieldstreng~ofthe14S-Tst~fqnerewekX;650psiand49}000
psiforthe24S4?.In thidcasethe14*T ie20percentstronger.The
resultsfronithesin@e--.thicl&eQ&compression,testsforthestiffener
materialagreequitewell”withthe’6eresqltsfromtestson thefull
section.Thecompressiveyieldstrengthofthe24SJTsheetis8per-
centlessthanthatofthe24S-Textrusions.

METHODOFTEST
,.

Thespecimenswere,teirte(iine~e ccmipressionina 300)000-pound
Amsler’hydraulic-typetestingmachine(Amsleruniversaltestingmachine,
300,000-poundcapacity,typel~”SZBDASerialNo.5254)usinghardened
steelplatens.Beforethetests,theplatenswerealinedsubstantially
parallelbymeansofspeciallevelingringsunderonehead,Dialgage

a



.

.

●

✎

NACATN ~0. =72 “3

readingsshowedthatthel$!a,tenswereoutofparallelbynotmorethan
0.0005inchin 12inches.ThismachineIsperiodicallycalibrated,and
theerrorsintheloadreadingswererecentlyfoundtobenotgreater
than~ percentintheloadrangesused... ,.-.

Insomeofthespecimenstherewasa slightinitialtranster~ebow
Inthesheetcausedby therivetingof thestiffenersto thesheet.The8e
specimenswereflattenedelasticallybyhan~andplacedinthetesting
machine,wheretheywereheldflatby theendfriction.Theywerethen
checked.forflatnesswitha straightedge.Allthespecimens,therefore,
weresubstantiallyflatwhentested.Figure4 showsthety$icaltesting
arrangementfora specimen. ...

.,

TypeA HuggenbergerTensometersoperattngona ‘1-inchgagel;ngthand
havinga multiplicationratioof approxhately1200wereusedl.on@tudi-
nallyat theedgesof thespecimenstocheckthedistributionof load.,.

ElectricalresistancewireSR-4straingageswereused”formeaaurlng
longitudinalstrainsnearthecenterof thepanels.A BaldwizMouthwark
SR-4portablestrainindicatorwasusedInconjunctionwiththeelec-..’~
tricalstraingages.Onegagewasmountedoneachfaceof thesheeton
the”transversecenterlineof thespecinun.Individual’s&k&inreadings
weretakenon thegages,so thatthedifferenceinstresson thetwo
facesof thesheetaswellas theaverageatreaacouldbe determined.
Thelocationof thegagesisshowninthesketchinf’igure5.

,, Theloadwasapplied”inincrements,an~readingsof strainwere
made”at eachstep.Permanentstrainmehsurqmeritsweietid~”a%a.low
loadof2000poundsaftereachincrementof increasingload,so-that-
a positiveloadwasmaintainedtopreventshiftingof ths&pecimen.
Thistypeof loadingwaacontinueduntilthespecimencollapsed.
Theloadingwascontinuedwithonespecimenof eacht~,eafterthe
initialf+lurehadoccurredtobe surethatno secondaryrndximum
greaterthanthefirstcouldbe obtainedafter.th&’bucklingof the
sheetand.,stiffenershadtakenplace. “ .-

., ., “--
Me cross-sectionalareaswere,calculatedfromthentiinkildensi-

ties Of thematerials>thelengths,andthenetwei&htsof.”,theepecimena.
?hespeC@enlengthsweremeaaured,wltha.steelgcaleto thene~est
l/lOO”-inchbefore’testing,endthegrosswei@b?,weredet&m3Md.tothe
nearestO.00~pound.Thecomputedwei@tsof therivetheadswereau%-
tracted.fromthe~oss weightstoobtainthenetweights”.‘Thedermi-
tiesof the.al.loysusedarethosegiveninraference2:namelyj,, ,,, ....

.~ (lbper, ~
,., ,- ,, cu in.),’ ‘@s ,,- 0.100’ :

14s 0.101
A17s o●099
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Thetestspecimenswereintriplicate,andtheulthate average
stressineacheetofpanelswasveryconsistent.me maximum
deviationfromaveragewas1.5-~ercent,@ allthepanels.theulti-
mateaveragestresswasgreaterthanthecompressiveyieldstrer~th
of thesheetmaterialjas canbe seenfromta’bleII.

Thel~IS--Tstiffeneron245-Tsheetpanelsdevelopedanultimata
averagestressof552200.p@.”with0.156-inchgagesheetand52)h00
psiwith0.0g3-Znchgagesheet.The24E%TstiffenersOD 2hS-T.sheet
panelsdevelopedanultimateaveragestressof52,400PSIwith0.1.56–
inchgage8heetEUVI,46)M0psiwith0.093-inchgagesheet,This,indi-
catess+advantageipstrengthfor.lkE&Tof ~ pqrceitintheyanel.s
using0.156-inchgage’sheetand1.2percentinthepanelsusing0.093–
inchgagesheet.Thesepercenta~esseem t-Oindicatetiattheadvan-
tageofhigherstrengthstiffenersdimini@esrapidlyas theratio
of sheetareato‘stiffenerareais increased.

Figures5’and6 showtypicalcprvesqfaveragestressversus
strainasneasuredwiththeelectricalstraing~es. Thesefiguree
alsoshowthedifferenceinstressonthetwofacesof th~sheet.
Formostofthespecimens}tinestrainmeasurmmntsindicateda rather
definiteloadatwhichbucklingtookplacQ..,HOW&Verjina fewof the
epecimenstherewassomeinitialcrookednessirItheeheet,andthis
causedbendingtobeginas soonas anyloadwasapplied;hencethero
wasno’smdden”’bucklingphmwxnenbn.Therefore,a permanentstrain
differenceof0000005w~s,mbitrarilysolsctedasa criterionoffirst
buckling. ,’

Measurementsforelastlcand’permanent’bucklingjshowthatthe
twoocctiredsi.multtieousl.jyor nearlyso. M indicatedin:.table11,
forsimiia,rpanelstheaveragestressatwhichbucklingof the2&T
sheetoccurredwith1- stiffenerswas’slightlyhigherthanwith
245-Tstiffeners.Thisisaswouldbeexpectedfroma considerationof
thefactthatthebucklingstresseswerebeyondtheela8ticr~o of
the2& stiffeners;wherea.E”they.were“noftbeyondtheelasticrcn~e ~
of the14SJIstiffeners.Therefo~e,inthep~klswiththel@-T
stiffenersaredistributionof loadbetieehsheetandstiffenerswould
occur,relievingthesheet”of“@rtof itsloadandpostponingthe@-
ginningofbuckling. ‘ ‘ ; ...,.

Sincebucklihgof’thesheetoccursat stressesabovetheelastic
range,Itismeaninglesstocompmethetestvalueswithvaluescalculat-
edby theclassicaltheorybasedonelasticaction.Bucklingvaluescan,
however,be calculatedby theequivalentslendernessratiomethodehown
IntheAlcoaStructuralHandbook(reference5); andthese,basedon

.
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thetypical
hinged,are
psiforthe

,117’2 5

columncurveandedgeconditionhalfwaybetweenfixedand
found,*O be 44,500psiforthe0.156+ch sheetant36,200
0.O= Anch sheet.Theseae L7yercenthigherand2 percent

lower,respectively,thanthecorrespondingtestresultsfortheall-
24S+Cmembers.

InallthespecimenswiththeO.l~~inchgagesheettheinitial
failurewasby locallnzcklin.gof thestiffeners,but~inthespecimens
using0.093-inchgagesheetthesheetbuckledfir,st.Typicalsp~cl–
mensforeachtypeofpazzelareshownaftertesting,infigures7 and
8.

It @ interestingtonotethatthespecimensusing0.156-inch
gagesheetwith2* stiffenersandthoseusing0.093~nch~agesheet
withlhS-Tstiffenersfailedattheseineaveragestresssadbegan-
bucklingat thesamestress.In thecaseofbothstiffeneralloysthe
loadatfirst?mckllngof thesheetaveragedabout75perentof the
ulttiteload. k.

Whenadditionalloadwasappliedto thespecimensafterthe
initialfailure,secondaryfailureof thestiffenerwebsandf}qnges,
as showninfigure9, endof therivetswascommon.M3stof those
secondaryfailuresin thespecimenswith0.156-inchsheetwereir~the
stiffeners;whilethosein thespecimenswith0.093-inch=heetwerein
therivets.Thefracturesinthestiffenerswerefoundinbothsti?fener
alloys,but,of course,onlyintheregionwheretheinitialbuckling
tookplace.

CONCLUSIONS &
?

Fromthesedataandresultsof edge-compressiontestsofpanelsrof
24S+ sheetwithextruded.lhf+l?and24S-Tstiffeners,itseemsreasonable

‘ to.drawtheseconclusions.

1. Themechanicalpropertiesof thematerialsusedinthegstiffened
sheetpanelsof thisinvestigationweregreaterthanthespecifiedmini-
mumvalues.Thetensilestrengthsandtensileandcompressiveyield
strengthsarefairlyclosetopublishedtypicalpropertieswiththe
exceptionof thetensileyieldstrengthof the24S-Tmaterial,which
averagedabout20percentabovethetypicalvalue.

2. Theextrudedlk+llstiffenersusedin these*’stshaveccmw
pressive”yieldstrengths,basedonfull-sectiontests,20percent
higherthanthoseof the24S-Tstiffeners. . T-

39 Thepanelsusingl&E+llstiffenersarestrongerthanthose
using24s+stiffenersby 5 percentwhenthe24EWsheetthicknessis
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25percentgreaterthemthatofthestiffenersandby 12perc&twlien
the24S--Tsheetthicknessis25percentlessthanthatinthestiffeners.

h. Thepercentofextrastrengthgained
stiffenersdiminishesrapidlyas theratioof
areaincreases,asmaybe seenintable11.

5. Theaveragestressatwhichbuckling
thepanelsusinghigherstrengthstiffeners.

by us~w higherstrength
sheetareatostiffener

occurredwashi~erfor
In thecaseofboth

stiffeneralloystheloadatfirstlmcklingof ‘tiecheetaveragedabout
75percentof theultkte load. -.

6. permar.ent
elasticbuckling.

7. Secondary
etsoccurredtiter
Thereseemedtobe
thisrespect.

bucklingoccurredsimultaneouel..y,ornearlyso,with

failureintheformoffracturedstiffenersmldriv-
theultimateloadwasreachedina numberofcaces.
no differencebetweenthetwostiffeneralloysin

AluminumResearchLaboratories,
AUamlnmCompanyofAmerica,

NewKensington,Yenna.,Mwch 28,1945.
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3*
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* TABLE1.=MECHiUKICALPROPERTINSOF

K- “l@-T AllIl24S-EXTRUDEDSECTIONS~ 24S4PT.
~ecimensof theextrude$sectionsweretakenfromtheflat

sides=d topof thehat-shapesectionsunl~ssotherwisefie’ked.]

(M.T.NO.%014>-C): P

TenqQ& Conmreseiozb
Y3.c31dJ Yield‘—”’

Alloy Thick- strength Remarks
ness (0.20;g:~t Ultimate Nloot:: ‘ (O%y$jjk)

st~’ength
(in.) (psi) (p@i) (percent)● (psi)—.

Elh&-
24s4 0.093 55,300 7% 900 , 3.803 =45,400 Withgrain

.156 56,100 71,500 18*5 244,500 Withgrain
ZMz2MQQ.n

24S% .1.25 55,700 72,900 16.0 249,250 Side
●125 53,500 71,100 16.5 248,500 Top

49,000 FuJJ.section
-L

14s-!l?.X25 59,150 64,300 258,900YE:: Side
● =5 ., 58,700 63,800 259,60Q Top

+* { 58,650 Fullsection
<

1, T&@calFromerties=
(

24S-T 46,000 68,000 22.0 46,000
lhS-T 58,000 68,000 l~.o 58,000

. ecj,fiedMintlmml. Pro~rties3

24S-T 42,000 f$i,000 14.0 Sheet
42,000 -57,000 3.2.0 lRrtwions

1*T 50,000 60,000 7.0 E&trusions

l~or s~m~d- ~naion test“speci~ns for sheetMtds, S99 fig.2 Of
reference3.

~Forsinglethicknessspecimens,seereference4.b ..

3TeJxenfromreference5,
:.
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A–1
A-2
A–3

w-l
‘A-2
*3

B-1
B2
B 3

!0-1
!&?
!B-3

TAELEII.- SUM4KRYQFREWEJ=V P3XJW20WWSSICJHTJBI!SON sm?FlmD smm PAmls

[Comp&tlveTeatsmExkruledlwTand24%THaMaPe St5ffener%c~ions]

24S-JI
sheet

Iihicknass
(in.)

0.156
.156
.156

4V.

.136
,136
.156

hr.

.W3

.W3

.W3
Av.

.@3

.093

.W3
kv.

Stiffener
alloy

lhS--T
14ST

lk3T

24S-T
2+5-T
242-T

lks--T
MS-T
l&LT

2@ T
24&T
24S4

TIM hate
load,P
(lb)

251,800
253,000
2k9,hQQ
251,000

239,500
243,400

240,000

m, 503
191,003
l&LQ2Q
m,m

170,m

w
>

169,m“

Area
+
Eq in.)

4.57

$

1“

t

.55

.%
J++
4.57

3.62
3.62

3.62

3.63

$
.

IJ1.tha’ta
averag6
$trese

P/.!
(psi)

55,lQO
55,WO
35.200
55,200

52,Ym
j3,000
zJ5!@
32,400

52,NM
52,%00

52,400

+6,8X)
4 ,Oix)
!&Xl
46;k

.
.,, ...

Average
i3tree8at
o.CCO05
In./in.
permanent

Btt’dll

difference

(psi)

37,m
Ll;w
w
38,030

42,200
31,300
41.00Q
39,200

Ccitrgrm31ve
y161d @tI’13@#

(offeet=
0.2percent)

(psi)

sheet

44,500

44,500

45,w

J+5,400

.“II”.-

Stiffener~

I

58,650

49,000

58,650

49,000
“1
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E
~
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Typicalcurvesforfull-section’
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h-“0021Strain,in./in.

Figure3.-Compressivestress-straincurves,AluMi-
numalloyextrusions-asnoted,(typical).
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Figure4.–Setup for edge-compressiontest on stiffened
sheet panel.
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Figure 6.- (?ompraenivaload-ctreln data, IItiff anti #beet panels,
a4s-r (a+).
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Flgwe 7.- Typicalspeoimenswith 0.033-5.n. gage”sheet after ‘testing. The specimenon the ~
leftwas loadeduntilrivetand stiffenerfailuresoccurred. &.
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left was ioaded until fail.~e-”of z<: riv~tsitid stiffene~s occurred. K,
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Figure 9.- Specimenwith 0.156-in.gage dieet after testing showing teneion failure of *
the stiffener webs. The6e fractures occurred after the buokling failure.


